Child sexual abuse (CSA) is an important public health problem; however, there is a scarcity of studies about the effects of abuse on the brain and neurobiological development.\[[@ref1]\] This article posits CSA as a risk factor for the future developmental of psychiatric disorders and tries to propose a neurobiological model that looks at the developmental trajectory in this direction and context.

CSA and other forms of maltreatment are significantly associated with a wide range of psychiatric disorders in adulthood that range from depression, posttraumatic stress disorder (PTSD), panic disorder, and substance abuse to schizophrenia and antisocial personality disorder.\[[@ref2][@ref3]\] Numerous studies also show that adults who report suffering maltreatment/abuse as children have more physical and psychological problems both medically explained and unexplained.\[[@ref4]\] At any given time, 20%--40% of psychiatric patients carry with them a history and burden of CSA.\[[@ref5]\] The pathway of genesis of a psychiatric disorder in response to CSA is complex and determined by a number of intertwining factors such as genetics, epigenetics, neurobiological changes, neurochemical and synaptic changes as well as effects of the neuroendocrine axes due to cumulative stress.\[[@ref6]\] This paper looks at various neurobiological factors and tries to find a final common pathway that may lead to a psychiatric disorder that stems from CSA as a risk factor.

METHOD OF CONDUCTING THIS REVIEW {#sec1-2}
================================

For identifying articles that focused on the long-term development of psychiatric disorders after exposure to CSA, the terms "child sexual abuse," "neuroimaging and child sexual abuse," "neurobiology and child sexual abuse," "developmental psychopathology and child abuse," or "stress and neurobiology" were used. For identifying articles that focused on specific terms, searches with words such as "anxiety and child abuse," "depression and child abuse," "child abuse and neurocognitive abnormalities," "epigenetics and child abuse," "child abuse genetics," and other terms were used. These two search strategy results were combined in the following databases with the time frame being specified from 1995 to 2015. The databases used were MEDLINE, PubMed, and the Cochrane Database on Systematic Reviews. In total, 641 articles were identified which included reviews, mini-reviews, and research studies in populations exposed to CSA. The original research studies reviewed were those that focused on elucidating a neurobiology of CSA.

The papers were reviewed by all authors and for this article include review articles, commentaries, and research papers on CSA. A total of 154 papers were reviewed for this paper of which 95 references finally appear in this paper. This has been supplemented with insights from the personal clinical experience of all the authors who work regularly with patients that have been exposed to CSA.

PSYCHIATRIC DISORDERS AS A SEQUEL TO CHILD SEXUAL ABUSE {#sec1-3}
=======================================================

Inquiry into the sequel of CSA has underlined the high prevalence of this life event to individual and public health. Estimates of sexual abuse in retrospective population-based samples range from 8% to 43% for women and 2%--26% for men.\[[@ref7]\] While earlier studies of childhood abuse focused particularly on sexual abuse, research has since expanded to include multiple forms of maltreatment in current studies. For the purpose of this paper, we restrict ourselves to CSA though other forms of maltreatment may overlap it.

In a community sample that responded to mailed questionnaires, 14.2% of men and 32.3% of women reported experiencing sexual abuse (such as unwanted kissing or touching in a sexual way by someone 5 or more years older to them) before the age of 18 years.\[[@ref8]\] Physical abuse (such as being hit with a fist, kicked, thrown, burned, or bruised on purpose) was reported by 22.2% of men and 19.5% of women.\[[@ref8]\] Approximately 21% of those who had been abused were abused both sexually and physically. Among all respondents, 37% reported either sexual or physical abuse in childhood.\[[@ref8]\] Data from the National Comorbidity Survey indicated a relationship between CSA and the subsequent onset of psychiatric disorder, and findings revealed that 78% of women and 82% of men who reported CSA met diagnostic criteria for at least one lifetime psychiatric disorder versus 49% and 51%, respectively, among those who did not report CSA.\[[@ref9][@ref10]\]

The odds ratio (OR) for lifetime history of depression was 1.8 among both men and women who reported a history of CSA versus those who did not.\[[@ref10]\] Overall, after controlling for other childhood adversities, CSA was found to be significantly associated with mood, substance use, and anxiety disorders in both sexes.\[[@ref11]\] In a recent meta-analysis that looked at 37 longitudinal studies from across the world between 1980 and 2008 (20 cohort and 17 case-control studies) with over 3,160,000 participants, it was calculated that there was a statistically significant association between sexual abuse and a lifetime diagnosis of anxiety (OR: 3.09), depression (major depressive disorder \[MDD\]) (OR: 2.66), eating disorders (OR: 2.72), PTSD (OR: 2.34), sleep disorders, and suicide attempts. This association persisted irrespective of gender and age at which CSA occurred.\[[@ref12]\] The same authors conducted another systematic review and meta-analysis that demonstrated an association between CSA and medical symptoms such as chronic pelvic pain, functional gastrointestinal disorders, psychogenic seizures, and nonspecific pain and somatic symptoms.\[[@ref13]\] In both, the meta-analyses mentioned above the associations were strengthened when a history of rape was present.

Other studies have shown similar findings and reported that the association between CSA and lifetime occurrence of psychiatric disorder persists irrespective of gender, socioeconomic status, relationship to the abuser, number of abuse episodes, and type of CSA that may have occurred.\[[@ref14]\] An important factor to note in CSA studies is that sexual abuse may be coupled with other forms of abuse including physical and verbal abuse. This may often confound the causation of psychiatric disorders and observations reported.\[[@ref15]\]

CSA is not a single-episode event but often occurs a number of times during one\'s lifetime. It therefore makes sense to inquire about dose--response relationships, that is, whether greater severity (e.g., intrusiveness and higher frequency) of abuse or exposure to a greater number of different categories of maltreatment/sexual abuse is associated with a greater risk of psychiatric or other sequelae in adulthood. Authors have reported a linear dose--response relationship between abuse severity (i.e., none, mild, moderate, and severe) and lifetime MDD.\[[@ref16]\] Among those reporting sexual abuse in childhood, rates of chronic or recurrent MDD were 83% for those who suffered "marked" abuse, 70% for those who experienced "moderate" abuse, and 55% for those who experienced "mild" abuse.\[[@ref17]\] The greater the number of categories of maltreatment the individual reported the higher the probability of lifetime chronic or recurrent depression.\[[@ref18][@ref19]\] CSA resulting in intercourse was more strongly associated with each of the psychiatric conditions examined and then was any other category of abuse.\[[@ref20]\]

The experience of CSA is also associated with increased risk of suicide attempts nonsuicidal self-injury.\[[@ref21]\] In a study involving more than 1900 women in primary care, sexual or physical abuse in childhood was associated with a significantly higher frequency of attempted suicide in adulthood.\[[@ref22]\] Evidence of a significant association between childhood abuse and attempted suicide has also been reported in another primary care sample.\[[@ref23]\] In a co-twin study, the risk of suicide attempt was significantly higher among those with reported CSA history than among those without such history.\[[@ref24]\] Studies find significantly higher frequency of suicide attempts among those who reported physical, sexual, or psychological abuse. In addition, the more categories of such experience reported the higher the likelihood of suicidal behavior.\[[@ref25]\] Among psychiatric disorders, MDD is most frequently associated with attempted and completed suicide.\[[@ref26]\] Patients reporting a history of childhood sexual or physical abuse were significantly more likely to have attempted suicide than those with no such history.\[[@ref27]\] Several studies have examined relationships between self-reported abuse history and particular features of depression such as onset and course. It was found that self-reported history of childhood maltreatment was associated with earlier onset of depression, greater number of depressive episodes, and more extensive comorbidity.\[[@ref28][@ref29]\] In a large sample of chronically depressed patients, it was found that those who met criteria for early childhood trauma responded significantly better to psychotherapy than to medication.\[[@ref30][@ref31]\]

Overall, the evidence is substantial that CSA is a risk factor for a wide range of adult psychiatric disorders such as depression, schizophrenia, anxiety disorders, and personality disorders. It is also worthwhile mentioning that when examining epidemiological data like those in the studies one must take into strict consideration the definition of CSA used and this is the most common variable that can confound and distort findings and prevalence across studies worldwide.\[[@ref31]\]

NEUROBIOLOGICAL EFFECTS OF CHILD SEXUAL ABUSE ON LONG-TERM BRAIN DEVELOPMENT {#sec1-4}
============================================================================

General considerations {#sec2-1}
----------------------

Current neuroscience research is focused on strategies to prevent or reverse the detrimental effects of early life stress on the central nervous system.\[[@ref32]\] The identification of the neurobiological substrates of early adverse experience is of paramount importance for the development of novel treatments for children, adolescents, and adults.\[[@ref33]\] Tremendous inroads have been made into understanding the neurobiological basis of mood and anxiety disorders and the influence of life events on risk and resilience.\[[@ref34]\] Persistent sensitization of neural circuits as a consequence of early life stress, which are integrally involved in the regulation of stress and emotion, may represent the underlying biological substrate of an increased vulnerability to subsequent stress as well as to the development of depression and anxiety.\[[@ref35]\] There is a strong heritable component to psychiatric illnesses that, when coupled with environmental influences, results in increased vulnerability.\[[@ref36]\] However, most psychiatric disorders, including mood and anxiety disorders, are polygenetic in nature rather than determined by traditional Mendelian genetics.\[[@ref37]\] Intensive research efforts have been expended to better characterize the genetic underpinnings of mental illness. Recent technological advances, including the completion of the human genome inventory, chromosome mapping, high-throughput DNA sequencing, and others, offer the promise of someday identifying the genetic basis of mental illnesses.\[[@ref38]\]

Serotonin system {#sec2-3}
----------------

Numerous studies have confirmed the link between reduced serotonergic function and serious suicidal acts.\[[@ref39]\] Studies have localized the changes to the ventral prefrontal cortex and suggested how genetics, childhood rearing, alcoholism, substance abuse, gender, age, and cholesterol intake can modulate suicide rates through effects on the serotonin system.\[[@ref40]\] The serotonin system is a stress response system that activates both anxiogenic and anxiolytic pathways and is involved in complex neuronal communication across diverse areas of the brain.\[[@ref41]\] Disruptions in the serotonin system may play a pivotal role in the development of clinical and subthreshold PTSD symptoms in children who have experienced CSA but may also predispose them to develop major depression and aggressiveness in later life.\[[@ref42]\]

Corticotropin-releasing factor and limbic--hypothalamic--pituitary--adrenal axis {#sec2-5}
--------------------------------------------------------------------------------

Early-life adversity, such as physical or sexual abuse during childhood, results in long-lasting changes in the corticotropin-releasing factor (CRF)-mediated stress response and a greatly increased risk of depression in genetically predisposed persons.\[[@ref43]\] Neural circuits containing CRF have been identified as an important mediator of the stress response. Identification and cloning of CRF receptors and characterization of their role in the stress response have enabled a better understanding of maladaptive responses to early-life adversity.\[[@ref44]\] In addition, studies of the CRF system have suggested molecular targets for new drug development, biological risk factors, and predictors of treatment response.\[[@ref45]\]

Inconsistencies exist in literature examining hypothalamic--pituitary--adrenal (HPA) axis activity in children and adults who have experienced childhood abuse. Hence, the extent and manner to which childhood abuse may disrupt HPA axis development is largely unknown.\[[@ref46]\] In a study to address these inconsistencies, the developmental course of nonstress cortisol in a long-term longitudinal study was assessed at six time points from childhood to adolescence and into young adulthood to determine whether childhood abuse results in disrupted cortisol activity.\[[@ref47]\] It was observed that the CSA group showed attenuation in cortisol activity starting in adolescence with significantly lower levels of cortisol by early adulthood. The findings demonstrate how the experience of childhood abuse might disrupt the neurobiology of stress, providing some support for the attenuation hypothesis that victims of abuse may experience cortisol hyposecretion subsequent to a period of heightened secretion.\[[@ref47]\] Early stress is associated with long-term alterations in brain circuits and systems that mediate the stress response. A possible long-term effect of trauma is to prime the limbic--hypothalamic--pituitary--adrenal axis such that corticotropin-releasing hormone (CRH) is set a lower 24 h levels. This serves to cause a hyperresponse when a new stressor is experienced. Early stressors have lasting effects on the HPA axis and norepinephrine systems.\[[@ref48]\] Other brain systems that are involved include benzodiazepine, opiate, dopaminergic, and various neuropeptide systems.\[[@ref49]\] These neurochemical systems modulate function in brain regions including the hippocampus, amygdala, and prefrontal cortex.\[[@ref50]\] Long-term alterations in these brain regions are hypothesized to play a role in the maintenance of PTSD, depression, and other psychiatric symptoms after CSA.\[[@ref51]\] Variations of the CRH receptor 1 (CRHR1) gene appear to moderate the development of depression after childhood trauma.\[[@ref52]\] Studies have examined sex differences in the effects of the CRHR1 gene on the relationship between childhood trauma and adult depression. Gender differences in environmental exposures could thus be reflected into a product of sex-specific CRHR1 and child abuse interactions.\[[@ref53]\] A number of preclinical studies suggest that early life stress induces long-lived hyper (re) activity of CRF systems as well as alterations in other neurotransmitter systems, resulting in increased stress responsiveness.\[[@ref54]\] Many of the findings from these preclinical studies are comparable to findings in adult patients with mood and anxiety disorders.\[[@ref55]\]

Recent studies have reported an association between exposure to childhood abuse or neglect and alterations in brain structure or function.\[[@ref56]\] Preclinical studies on the effects of exposure to early life stress can demonstrate causality and can enrich our understanding of the consequences of early abuse which are predominantly mediated through the induction of stress responses.\[[@ref57]\]

Neuroimaging findings related to child sexual abuse exposure {#sec2-7}
------------------------------------------------------------

The period from birth to adulthood is one of intense brain development, wiring and rewiring. Increased volume of the brain occurs after birth that completes by the age of 5.\[[@ref58]\] Neuronal development is lifelong but is more intense during the first 7 years of life with repeated neurogenesis, synaptogenesis, synaptic pruning, and changes in synaptic and neuronal density occurring. This is coupled with increase in neuronal size and synaptic size as well as enhanced myelination.\[[@ref59]\] Gray matter and white matter changes that reflect this neurodevelopment has been noted on imaging across the first three decades of life while it is most prevalent in childhood.\[[@ref60]\] Changes in the volumes of the hippocampus, amygdala, medial prefrontal cortex, and corpus callosum are other markers of early neurodevelopment.\[[@ref61]\] The elevated and increased response of catecholamines and CRF as discussed above can result in mechanisms that cause accelerated neuronal loss, decreased neuronal size, reduced number of synapses, abnormalities in developmentally appropriate pruning, and inhibition of neurogenesis at vital periods along with inadequate production and expression of brain-derived neurotrophic factor.\[[@ref62][@ref63][@ref64][@ref65][@ref66]\] Studies that have looked at the role of gonadal hormones on brain development hypothesize that male brains are more prone to the adverse effects of CSA or any other trauma and thereby show greater reactions to life adversities.\[[@ref67]\]

An interesting finding noted in neuroimaging studies related to CSA is that hippocampal abnormalities are more common in adults than in children.\[[@ref68]\] One of the theories in this regard that early trauma or CSA has a gradual effect on the hippocampus, and the effects may not be visible till adolescence or adulthood.\[[@ref69]\] Furthermore, noted is the fact that early disclosure of the abuse by children and therapeutic intervention may in turn increase hippocampal plasticity and neurogenesis. Thus, intervention in childhood when exposed to CSA may mask the effects of trauma on the hippocampus and prevent further neuronal damage. This is also an area that warrants further investigation.\[[@ref70]\]

The prefrontal cortex is an important brain area which is constantly developing throughout childhood and adolescence. It is an area of the brain that serves the function of planning, thinking, attention, concentration, working memory, and executive function.\[[@ref71]\] It normally exhibits an inhibitory control over the amygdala and the limbic system and has a neurotransmission system that is primarily dopaminergic in nature. The stress-based release of catecholamines may lead to a switching off of this control over the limbic system and may exacerbate emotional and PTSD-related symptoms in response to any trauma/CSA.\[[@ref72]\] Enhanced dopamine due to stress within the prefrontal cortex may cause hypervigilance and paranoia in developing children with decline in attention and academic performance as well as subtle neurocognitive abnormalities.\[[@ref73]\]

Children who have experienced CSA and resulting PTSD have shown smaller superior temporal gyrus volumes on neuroimaging studies.\[[@ref74]\] A greater left-to-right asymmetry has been reported and this has been linked to abnormalities such as slower emotional, auditory, and facial stimuli processing.\[[@ref75]\] Another structure brought up in some neuroimaging and CSA studies is the cerebellar vermis. This is a structure that is intricately linked to multisensory integration and limbic activation.\[[@ref76]\] Studies have found that cerebellar volumes positively correlated with age of onset of the trauma and negatively correlated with the duration of the trauma in maltreated children and adolescents with the Diagnostic and Statistical Manual of Mental Disorders, 4^th^ Edition PTSD.\[[@ref77]\] Significant reduction in corpus callosum volumes has been noted in response to CSA. Studies show that this reduction is greater in the medial portion of the corpus callosum leading to poor communication between the two hemispheres and its neurocognitive effects.\[[@ref78]\]

Neurocognitive findings in child sexual abuse {#sec2-9}
---------------------------------------------

Recent findings from cognitive neuroscience and cognitive psychology may help explain why recovered memories of trauma are sometimes illusory. In particular, the notion of defective source monitoring has been used to explain a wide range of recently established memory distortions and illusions.\[[@ref79]\] Conversely, the results of a number of studies may potentially be relevant to forgetting and recovery of accurate memories, including studies demonstrating reduced hippocampal volume in survivors of sexual abuse, and recovery from functional and organic retrograde amnesia.\[[@ref80]\] Other recent findings of interest include the possibility that state-dependent memory could be induced by stress-related hormones, new pharmacological models of dissociative states, and evidence for "repression" in patients with right parietal brain damage.\[[@ref81]\] Scientists investigated the relationship between childhood trauma exposure and cognitive function in 47 healthy adults, who were identified as part of a larger study from the general population in which the Cambridge Neuropsychological Test Automated Battery and the Wide Range Achievement Test-3 were used to examine cognitive function and individual achievement. The results suggest that physical neglect and emotional abuse might be associated with memory deficits in adulthood, which in turn might pose a risk factor for the development of psychopathology.\[[@ref82]\] Variations in social cognition serve as one possible mechanism by which these environmental experiences influence aggressive behavior during adolescence. Children who have been maltreated tend to display negatively biased social-cognitive processing styles, which may in turn increase their likelihood of reacting aggressively in ambiguous social situations.\[[@ref83]\] It has been noted that alterations in memory in the form of dissociative amnesia are an important part of exposure to traumatic stressors, such as childhood abuse. Extreme stress has long-term effects on memory. These findings may provide a model for understanding the mechanisms involved in dissociative amnesia as well as a rationale for phenomena such as delayed recall of childhood abuse.\[[@ref84]\] Studying the effects of CSA on intelligence, various forms of memory, cognitive skills, and cognitive processing is an interesting line of research to follow.

Genetics and epigenetics in relation to child sexual abuse {#sec2-11}
----------------------------------------------------------

To date, preclinical studies have guided clinical investigations and will continue to provide important insight into studies on molecular mechanisms and gene--environment interactions. Neglecting psychosocial factors in the causes of aggressive behavior would also be naïve.\[[@ref85]\] There is some evidence of an association between childhood abuse and neglect and adult antisocial personality disorder, but this relationship might be merely an artifact of personality dysfunction positing an interaction between inherited susceptibility and environmental factors such as childhood trauma.\[[@ref86]\] The role of trauma in the development of personality disorder and especially for borderline personality disorder (BPD) remains unclear. Although recent studies suggest that BPD is not a trauma-spectrum disorder and that it is biologically distinct from PTSD, high rates of childhood abuse and neglect do exist for individuals with personality dysfunction.\[[@ref87]\] Gene--environment interactions involving childhood maltreatment are demonstrated in recent studies on antisocial behaviors and aggression in animals.\[[@ref88]\] Some of the strongest evidence of the role of social cognition as a mechanism in this association comes from intervention studies which reduced aggressive behavior by targeting negatively biased social-cognitive processing styles.\[[@ref89]\]

In humans with a history of CSA, epigenetic studies have evoked the greatest interest.\[[@ref90]\] Epigenesis is defined as the production of stable changes in DNA expression that do not result from changes in the DNA sequence.\[[@ref90]\] DNA methylation is mechanism of epigenesis that has been studied in most cases with relationships between DNA methylation and gene activity being well established.\[[@ref91]\] It has been hypothesized that CSA would cause epigenetic changes by inducing a sustained and substantial stress response resulting in epigenetic reprogramming. This would in turn predispose an individual to increased likelihood of psychopathology. CSA would be also a predictor of methylation and thus some of long-term psychopathology resulting as a sequel to CSA may be attributed to epigenetics.\[[@ref92]\] It is also worthwhile mentioning that CSA may not induce epigenetic changes in the same manner in every individual. A number of factors in the environment including the total psychiatric genetic load of the person who has experienced CSA such as the presence of psychiatric disorders in the family shall determine the extent to which epigenetic factors will function as causative mechanisms.\[[@ref93]\]

LOOKING AT AN INTEGRATIVE TRAJECTORIAL FRAMEWORK {#sec1-5}
================================================

This section aims to propose a unified model of the neurobiological trajectory of adult psychopathology that arises from exposure to CSA. It is important at the outset to understand that this trajectory is highly individual and varies from case to case. There is no general sequel to CSA which is uniform, and the pathway chosen is a conglomeration of genetic, biological, and psychosocial factors. On the one hand, the alterations are caused by exposure to early stress, and on the other hand, they also may serve as a means for the child to cope and come out unscathed from the trauma of CSA. It is sometimes that these developmental changes become nonadaptive, useless, and damaging from an allostatic load framework and may serve as the path toward psychiatric illness.\[[@ref94]\] CSA has structural, functional, and neuroendocrine effects on the developing brain. One has to find room to integrate the complex molecular biological, genetic, cognitive, psychological, and neurobiological changes that occur to synthesize how CSA may ultimately contribute to psychiatric illness \[[Figure 1](#F1){ref-type="fig"}\].
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Some authors have coined the term "developmental traumatology" to enclose developmental psychology, developmental neuroscience, Early Childhood Cognitive Development, and how trauma affects each one of them.\[[@ref95]\] The long-term sequel of CSA is multisystemic. Genetic load inducing potent epigenetic changes tied to biological cascades leading to alterations in early neurodevelopment and unstable cellular microenvironments all play a role in the genesis of the psychiatric disorders that ensues in the long term. It is not only the hardware of the brain that changes but also the malfunction in software as well that plays a role in the process. Thus, there are multiple factors that play a role in the transition from CSA to the development of adult psychiatric disorders.
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